In recent years, lasers are being utilized in cardiovascular surgery. Since 
INTRODUCTION
In recent years, endovascular interventions such as balloon angioplasty, atherectomy and the stenting method have been clinically applied for patients with atheromatous plaques of the peripheral-and the coronary arteries (1, 3) . Among them, restenosis after endovascular intervention has been obviously confirmed in 30-40% of the patients who underwent percutaneous transluminal coronary angioplasty (2) . However, there are some problems in maintaining long-term patency by means of endovascular techniques such as balloon techniques and atherectomy. For these problems, we have experimentally investigated the effect of an Argon laser on vaporization of the atheromatous plaques. Based on our excellent experimental studies, a laser was utilized for patients with "Principles of Laboratory Animal Care" and the "Guide for Care and Use ofLaboratory Animals" (NIH Publication No. 80-23, revised 1985) .
First of all, the relationship between laser energy and reactions of the aortic walls to the laser was experimentally evaluated using adult mongrel dogs. A metal tip probe (Laserprobe PLR-Flex orLaserprobe PLR-Plus, Trimedyne Inc. CA, USA) was mainly used. Consequently, it could be confirmed that optimal conditions for laser angioplasty were 6W in output and 3 sec in irradiation time for each shot. On the other hand, a metal tip probe with thermal feedback control system (HGM, Endocoagulator, Model 20S, and Laserprobe, PLAC, HGM, Salt Lake City, UT USA) was applied, for which the adequate tip temperature for vaporizing the atheromatous plaques was 200C and the irradiation time was 5 sec for each shot. These conditions were almost the same laser energy for adequacy, that is, in the case with 6W and 3 sec using the MTP, the intimal layer was vaporized, and with 8W and 3 sec, the crater reached the media. Then, with 8W and 3 sec using the BEP, arterial perforation occurred immediately. On the other hand, in the case with thermal feedback control system the arterial crater was deepened by an increase in the temperature of the MTP (Fig. 1 ). In the case with 100--150C in the temperature of the MTP, the intimal surface was slightly vaporized, with 200--300C, the crater reached deeper initimal layer. In the case with more than 300C, the media was also vaporized. Consequently, it was considered that suitable temperature of the MTP was 200C.
At the time of laser angioplasty, the use of an angioscope was inevitable for observing the inside of the arteries before and after laser irradiation (1) 
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Angiography for the peripheral and coronary arteries was undertaken in all patients and their operative indication was clearly decided by clinical symptoms and angiographic findings with severe stenosis of more than 75% of the internal diameter and total occlusion of the arteries (1) . The length of occlusive and stenotic lesions in the peripheral arteries ranged from 0.5 cm to 45 cm with a mean of 7.6 _+ 8.8 cm. As the method of laser angioplasty, a sheath catheter was percutaneously inserted proximally for the iliac lesions and distally for the femoral and popliteal lesions under local anesthesia in the inguinal region. After this procedure, an angioscope (0.75 mm in diameter) was inserted through the sheath catheter and the surface of the atherosclerotic plaques in the artery was observed. At this time, it is very important to wash out the blood with saline for clear observation. Through this procedure, the inside of the artery could be precisely observed. There are several sizes of angioscope, such as 0.75 mm or 0.45 mm in diameter. From the standpoint of image clarification, an angioscope of 0.75 mm in diameter was the most useful instrument.. Thereafter, laser irradiation was carefully initiated to make a laser hole for the occlusive lesion under angioscopic guidance using a bare-ended laser fiber and metal tip probe. In the case with a calcified occlusion at the site of the femoral artery, this artery was first exposed and a sheath catheter was directly inserted to the atheromatous plaques under direct vision. A guide-wire was then passed through a laser hole which was previously created using a bare-ended laser fiber. Then laser ablation was carefully performed using a metal tip probe (2.0-2.5 mm in diameter) inserted over the guide-wire. In this study, 6W in output and 3 sec in irradiation time, or 200C and 5 sec using a metal tip probe with thermal feedback control system were utilized as optimal conditions for each laser ablation. Laser ablations were continued to eliminate atheromatous plaques underangioscopic and fluoroscopic guidance, until recanalization and a wide opening of the vessel lumen could be observed. Consequently, the conditions of 6W and 3 sec were applied for 23 patients. For the remaining 51 cases, the feedback control system was employed. Moving the metal tip probe slowly in the artery, it is very important to prevent vasoconstriction and fragmentation of the atheromatous plaques during laser ablation. Then, in cases where dilatation was inadequate by lasing, percutaneous transluminal angioplasty (PTA) was additionally undertaken. All clinical results were expressed as the mean standard deviation. The unpaired t-test was used to test for differences in variables between the two measurements, and a P-value less than 0.05 was accepted as statistically significant. (Table 2) . Further, from the length of the lesion, a clinical success rate of97% was observed even in the cases with femoro-popliteal lesions within 10cm in length (Fig.  2) . However, in the cases with lesions of more than 10cm in length, the rate decreased to 75%.
RESULTS

1) Laser
On the other hand, a clinical success rate of 86% was obtained in the cases with iliac lesions of less than 5 cm in length. Thus, there were significant differences in comparison with the success rate and the length of the lesion between both groups ( (Fig. 3) . (Table 4) . This included 9 men and one woman, ranging in age from 39 to 67 years old with a mean of 58. A metal tip probe (1.5-2.0 mm in diameter) was used with angioscopic guidance, by which laser angioplasty could be safely done in all cases (Fig. 4) . First ofall, a coronary incision was made longitudinaly and the angioscope was inserted prior to the stenotic lesion. Then the characteristics ofthe atheronamous plaque were observed. Thereafter, the metal tip probe was passed to the lesion to vaporize the plaques under chilled heart protection. In the case of laser coronary angioplasty, the optimal conditions were 4-5 W in output and 2 sec in irradiation time for each shot. In addition to this, the diameter ratio between the metal tip probe and the coronary artery (%) 
DISCUSSION
In recent years, Argon, Nd-YAG, Ho-YAG, and Excimer lasers have been widely utilized for laser angioplasty (11, 20) . The optimal conditions for laser angioplasty by Argon laser were 6W in output and 3 sec in irradiation time, or 200 in output and 5 sec in irradiation time in our serial experimental studies (17, 18) .
On the other hand, several laser conditions (6-12W in output, 3-10 sec in irradiation time) have been reported according to the kind of laser system and laser fiber. At the time of laser angioplasty, angioscopic and intravascular ultrasound guidance were necessary to evaluate the characteristics of the atheromatous plaques and the arterial wall before and after the laser ablation. And sometimes, it was angioscopically recognized that the proximal-and the distal portions were composed of tight atheromatous plaques and the middle portion was not occluded or filled with fresh thrombus.
Based on our clinical experience, laser angioplasty should be recommended to eliminate, or reduce the stenotic or occlusive changes of short segments within 10cm in length for a peripheral artery, and within 2cm in length for a coronary artery. (11, 17) .
On the other hand, the clinical success rate was 97%
in cases with femoro-popliteal lesions of less than 10cm in length. Thus, there were slight differences in the laser effects between stenotic and occlusive lesions as well as in the relationship between initial success and clinical success in the long-term period. Cumberland has reported that 50 of 56 totally occluded arteries were recanalized by laser and that the ankle pressure index increased from 0.53 before to 0.84 after laser irradiation (12) . In addition to this, technical success was 88% and clinical success was 77%. In Japan, similar results have been reported in recent years (19). In general, complications in laser angioplasty include hematomas in the inguinal region, the subintimal pathway of the laser fiber, and dissective change of the artery by additional PTA. We have also experienced 6 dissections and 2 subintimal pathways of the arteries by additional PTA, and intimal injuries of laser probe and guide-wire. However, there was no urgent surgical intervention for them.
Thus, there are some differences in the clinical success due to indication, techniques and antithrombogenic management after laser angioplasty in several hospitals. On the other hand, intraoperative coronary laser angioplasty was a safe and effective procedure under direct vision (20, 21 Figure 4 ablation.
b)
Laser coronary angioplasty, a) Endoscopic finding of severe stenosis of the coronary artery, b) Endoscopic findings before and after laser laser coronary angioplasty (22,23). All cases treated by laser methods should be followed-up even in the longterm period.
In 
